Abstract. In this note an interactive program is presented which allows the visualization of the common roots of two-dimensional polynomials. The program is useful when constructing cubature formulas by use of orthogonal polynomials.
The Program. KurvenSchnitt computes the common zeros of two-dimensional polynomials and displays the corresponding algebraic curves and their intersections. The program (an updated form of a preliminary version in 1]) is a mixture of C++ and Tcl/Tk. The numerical part is done in C++, the graphical user interface in Tcl/Tk. The program runs under Tcl-Version 7.5 and Tk-Version 4.1. The sources are available as KurvenSchnitt.tar.gz at http://www.mi.unierlangen.de/~schmid/kubatur. The C++ routines implement a new Tcl command alkur, which in turn creates a display window and an associated Tcl command to manipulate its contents. These manipulations include commands to add new curves, coordinate axes, nodes of intersection, to change their colors, and, to modify general properties like the window size. It is possible to customize the user interface in Tcl without changing the C++ code.
Using KurvenSchnitt. The program starts by displaying the following window.
(1) Each line controls one polynomial.
The rightmost eld accepts the polynomial. The polynomials have to be entered in x and y, possible formats:
1-.5x^2-y^2 (1-.5x^2-y^2)*(1-x^2-.5y^2) + 1/100 a(x^2+y^2)^2 + b(x^2+y^2)+ x^3+3x^2-3xy^2+3y^2-c x^4-1.752327759*x^3+.4436280631*x^2*y-.1119593628e-1*y^2*x
The button allows to load a polynomial from the le FormelFile. Single lines of this le, representing one polynomial, can be loaded interactively. Alternatively the backslash (\) can be used as continuation mark e.g. x^4-1.752327759*x^3\ +.4436280631*x^2*y+.9039031090*x^2-.1119593628e\ -1*y^2*x-.2471040724*x*y-.1378518875*x +.1740693364e-1*y^3
Now it is su cient to mark the rst line for loading. appends the polynomial in the input eld to FormelFile. The corresponding curve will be displayed if the checkbox to the left of F1 is enabled; the status of the box to the right of F1 decides whether the curve will be included when calculating the intersections. Algorithms. To plot a curve, KurvenSchnitt scans the display area in R 2 vertically and horizontally. For each horizontal scanline y is substituted by the corresponding value; the result is a polynomial in one variable (x), the roots of which are computed using Rockwood's algorithm (see 3], 4]). To compute the intersection of the curves a two-dimensional derivate of this algorithm is employed, the patchwork algorithm. The r i;j s are the Bezier coordinates of p. The surface described by the polynomial p is contained in the convex hull of the points f( i n ; j n ; r i;j ) i;j g i=0:::n+1;j=0:::n+1 :
In particular, if all r i;j > 0 or all r i;j < 0 then p cannot vanish inside 0 We obtain 6 nonlinear equations in the a ij s with 8 parameters. The number of free parameters can be reduced by assuming a symmetric formula. It turns out that exactly two symmetric formulas exist.
G. G. Rasputin 2] has studied these formulas by using the reproducing kernel and has computed one of them, having 2 nodes outside the domain of integration. We display the graphics and starting values of the corresponding formula. The starting values thus obtained have been used to compute the nodes of the cubature formula. The second symmetric solution still has one node outside the domain of integration. We display the graphics and starting values of the corresponding formula. The starting values thus obtained have been used to compute the nodes of the cubature formula. Further solutions of the non-linear system may be obtained by preassigning one node. In particular, by disturbing one node of the symmetric formulas one gets non-symmetric formulas. However, neither by preassigning nodes nor by disturbing the nodes of the symmetric rules we were able to nd formulas with all nodes inside the domain of integration. We will just mention one nasty example (prescribed node (0; 0)). It illustrates the usefulness of the interactive enlargement of the search-area. While only 9 common zeros have been found on the left hand side, all roots have been determined after an enlargement of the search-area (on the right hand side). 
